Tables of two-sided tolerance factors for normal distributions by Chamberlain, R. G. & Benedict, A. G.
Technical Memorandum No. 33-277 
Tables of Two-sided Tolerance Factors 
for Normal Dis frib utions 
I 
.9 
R. G. Cha rnb erlain 
A. G. Benedicf 
ET P R O P U L S I O N  L A B O R A T O R Y  
A INSTITUTE O F  TECHNOLOGY 
- - -  . I :  
I 
GPO PRICE $ 
CFSTl PRICE(S) $ 
Hard COPY (HC) $ a d d  
Microfiche (M F) 
' i  ff 653 July 65 
https://ntrs.nasa.gov/search.jsp?R=19670023646 2020-03-12T11:13:26+00:00Z
Technical Memorandum No. 33-277 
Tables of Two-sided Tolerance Factors 
for Normal Distributions 
R. G. Chamberlain 
A. G. Benedicf 
1 
Winston Gin, Manager 
Solid Propellant Engineering Section 
J E T  P R O P U L S I O N  L A B O R A T O R Y  
C A L I F O R N I A  INSTITUTE OF TECHNOLOGY 
PA s A D E N A. CALIFORNIA 
June 15, 1965 
Copyright 0 1965 
Jet Propulsion Laboratory 
California Institute of Technology 
Prepared Under Contract No. NAS 7-100 
National Aeronautics & Space Administration 
JPL TECHNICAL MEMORANDUM NO. 33-217 
CONTENTS 
1. Introduction. . . . . . . . . . . . . . . . . .  1 
II. Tables of Two-sided Tolerance Factors for 
Normal Distributions . . . . . . . . . . . . . .  2 
References . . . . . . . . . . . . . . . . . . .  9 
J P L  TECHNICAL MEMORANDUM NO. 33-217 
ABSTRACT 
Comprehensive tables of two-sided tolerance factors for the normal 
distribution are presented. These tables have been prepared by means 
of an IBM 7090 computer program. 
1. INTRODUCTION 
In sample tests by variables, the range of values re- 
corded is usually less than the range which would have 
been observed had all items been tested. 
For example, if samples drawn from a lot of 10,000 ex- 
plosive cartridges (packed in 10 boxes of 1,000 cartridges) 
developed pressures ranging from 900 to 1100 psi when 
fired under certain test conditions, firing of all 10,000 
cartridges might result in pressures ranging from possibly 
750 to 1300 psi. 
Restricting our attention to variables having a distribu- 
tion which is normal or which may be normalized, the 
limits observed in sample tests may be extrapolated as 
follows : 
expected range = Z Ks  
where X is the mean of the sample data, sz is the variance 
of the sample data, and K is the “tolerance factor” appro- 
priate to the number of samples tested, to the confidence 
(level), and to the reliability (limits) of interest. In our 
example, we might calculate, on the basis of the sample 
statistics, that, with 90% confidence, not less than 99% of 
the cartridges will develop pressures within the range of 
800 to 1250 psi-that is, we expect that in 9 of the 10 
boxes (90% confidence) at least 990 cartridges (99% reli- 
ability) will develop pressures within the range of 800 to 
1250 psi. 
The tolerance factors to be used in such a calculation 
are “two-sided because an upper and lower limit are 
involved; if only one limit (upper or lower) were of inter- 
est, a “one-sided tolerance factor should be used. 
Although tables of two-sided tolerance factors have 
been readily available since 1947 (Ref.l), such tables have 
covered only a limited range of confidence levels and 
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reliability limits. In 1961, E. L. Bombara (Ref. 2) used an 
approximate method to compile a comparatively compre- 
hensive tabulation of one-sided tolerance factors; a simi- 
lar tabulation, apparently derived from the noncentral t 
distribution, was prepared in 1963 by D. E. Nickle 
(Ret. 3). 
two-sided tolerance factors for the normal distribution, 
the method of calculation outlined by Albert H. Bowker 
(Ref. l), as originally presented by A. Wald and J. Wolfo- 
witz (Ref. 4) ,  has been used for the preparation of an 
IBM 7090 computer program. (The computer, of course, 
computes its own distribution functions, rather than re- 
ferring to tables.) Section I1 presents the results of this 



























II. TABLES OF TWO-SIDED TOLERANCE FACTORS 
FOR NORMAL DISTRIBUTIONS 
Number 


























Two-sided tolerance factors; confidence level 0.9999 
of samples tested 
12 13 14 15 
12.48 11.65 10.98 10.44 
11.94 11.14 10.50 9.978 
11.37 10.61 10.00 9.501 
11.18 10.44 9.835 9.343 
11.02 10.29 9.698 9.212 
10.77 10.05 9.476 9.002 
10.67 9.957 9.384 8.915 
10.58 9.869 9.302 8.836 
9.936 9.272 8.739 8.301 
9.260 8.640 8.143 7.734 
9.032 8.428 7.943 7.544 
8.843 8.251 7.776 7.386 
8.537 7.965 7.506 7.129 
8.293 7.738 7.292 6.925 
7.494 6.992 6.588 6.257 
6.993 6.524 6.147 5.838 
6.620 6.176 5.819 5.526 
6.319 5.895 5.554 5.274 
6.065 5.657 5.330 5.062 
5.843 5.451 5.136 4.877 
5.647 5.267 4.962 4.712 
5.306 4.949 4.663 4.428 
5.016 4.679 4.408 4.186 
4.645 4.333 4.082 3.876 
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6 7 8 9 1 0  
13.97 12.42 11.32 
13.36 11.88 10.83 
12.73 11.32 10.32 
12.52 11.13 10.15 
12.35 10.98 10.00 
12.07 10.73 9.777 
11.95 10.63 9.683 
11.85 10.53 9.598 
11.14 9.899 9.020 
10.38 9.228 8.407 
10.13 9.003 8.201 
9.920 8.815 8.030 
9.579 8.511 7.752 
9.307 8.269 7.531 
8.415 7.475 6.807 
7.856 6.977 6.353 
7.438 6.606 6.015 
7.101 6.306 5.742 
6.817 6.053 5.511 
6.569 5.833 5.31C 
6.349 5.637 5.131 























































































































































































7 0 9 10 
12.24 10.86 9.918 9.227 
11.71 10.39 9.488 8.825 
11.16 9.902 9.038 8.406 
10.97 9.739 8.889 8.267 
10.82 9.603 8.765 8.152 
10.58 9.387 8.566 7.967 
10.48 9.296 8.484 7.890 
10.39 9.215 8.410 7.820 
9.765 8.663 7.904 7.350 
9.106 8.077 7.368 6.850 
8.885 7.880 7.188 6.683 
8.700 7.716 7.038 6.543 
8.402 7.450 6.796 6.317 
8.164 7.239 6.602 6.137 
7.384 6.545 5.968 5.547 
6.895 6.110 5.571 5.177 
6.529 5.786 5.274 4.901 
6.234 5.524 5.035 4.679 
5.985 5.302 4.833 4.491 
5.768 5.110 4.657 4.327 
5.575 4.938 4.501 4.181 
5.400 4.783 4.359 4.050 
5.241 4.641 4.230 3.930 
4.956 4.389 3.999 3.715 
4.591 4.065 3.704 3.441 
Two-sided tolerance factors; confidence level 0.999 












































































































































































































































































































Two-sided tolerance factors; confidence level 0.995 




















































































































































































































































































































































































5 6 7 8  
12.42 10.77 9.707 
11.88 10.31 9.287 
11.33 9.820 8.848 
11.14 9.659 8.702 
10.99 9.525 8.581 
10.74 9.31 1 8.387 
10.64 9.222 8.307 
10.55 9.141 8.234 
9.920 8.595 7.740 
9.254 8.016 7.217 
9.030 7.821 7.041 
8.844 7.659 6.894 
8.542 7.396 6.657 
8.301 7.187 6.468 
7.511 6.500 5.849 
7.015 6.069 5.460 
6.644 5.747 5.170 
6.345 5.488 4.936 
6.092 5.268 4.738 
5.872 5.077 4.566 
5.676 4.907 4.412 
5.499 4.753 4.274 
5.337 4.613 4.147 
5.047 4.362 3.922 






















































































































































































































































































Two-sided tolerance factors; confidence level 0.99 



























































































































































































































































































































































































































































Two-sided tolerance factors; confidence level 0.95 













































































































































































































































































































































































Two-sided tolerance factors; confidence level 0.90 















































































































































































































































































































































































Two-sided tolerance factors; confidence level 0.85 
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Two-sided tolerance factors; confidence level 0.80 
~~ 
Reliability 


































































































































































































Two-sided tolerance factors; confidence level 0.70 
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Two-sided tolerance factors; confidence level 0.60 








































































































































































































































































Two-sided tolerance factors; confidence level 0.50 
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